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ORBITAL INFORMATION 1

The orbital elements have been derived by the indicated staff members of the Satellite Trackin 9

Ih'oc3tam, Smithsonian Astrophysical Observatory, employing the SAO Differential Orbit Improvement

Program(DOI).

As opposed to osculating elements, the elements presented here are mean elements in the sense that

the effects of the short-period perturbations due to the earth's oblateness have been eliminated.

SAO mean elements have been derived from observations coverin 9 several days, and are given in

the form of a table. The successive sets of elements ore essentially independent of each other. They are

dependent, however, in the sense that high-order coefficients in the secular and the long-periodic terms

are 9eneraJJy considered as known and as constant for periods of several weeks or months, as dictated by
convenience.

The times of epoch in the mean elements are reckoned in Julian Days, but for the sake of con-

venience the number 2400000.5 has been subtracted to provide an abbreviated notation which we call

"Modified Julian Days, " or "MJD."

The units of the orbital elements are degrees for angular quantities, megameters (Mm = 106 meters)

for linear quantities, and revolutions for the mean anomaly M and its derivatives.

The tabulated values of the SAO mean elements 9ive the values of arguments of perigee CO; right

ascension of the ascending _aode fl; inclination i; eccentricity e ; and mean anomaly M as functions of

time t = T - T o (where T o is the reference epoch) expressed in days. The two-digit number placed

at the right of each value represents the standard error for that element and refers to the last digits 9iven.

The same tabulation also gives the mean (anomalistic) motion n; the orbitalacceleration n'/2 or

nw (dnlc_t),and the semlmajor axis a or the 9eocentric distance of perigee q (in megarneters). Of the

lastthree columns, the one headed N indicates the number of observations used for the computation of a

set of elements; the one headed D, the number of days used; and the one headed C_,the standard error

of the representation of the observations relative to their assumed accuracy.

SAO smoothed elements have been derived from observations coverin 9 about two weeks. They are

9iven as functions of time and 9enerally include both secular and periodic terms. The 9eneral expression

for any element E is

E = Eo + EIt + E2t2 + . . • + A isin(B i + Cit) ,

where t = T - T O is again expressed in days. The presence of a standard error associated with a particular
coefficient indicates that this quantity was determined by the process of differential orbit improvement;
the absence of a standard error means that the quantity was taken from some other source.

1 This work was supported by 9rant NsG 87-60 from the National Aeronautics and Space

Administration.
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In ottr computer program, the inclination and the argument of perigee are referred to the true equator

of date; the right ascension of the ascencllng nodej however, is reckoned from the mean equinox of 1950.0
orlon 9 the corresponding mean equator to the intersection wi_ the moving true equator of datej and then

alon 9 the true equator of date. To transform from right ascension of the node as determined by the DOI to
right ascension of the node referred to the mean equinox of date, one uses

f2° = _'_(DOI) + 3°.508 x 10-5(M.ID - 33281),

where MJD stands for the Modified Julian Day of the date.

The mean (anorn_olistic) motion n can be obtained from the smoothed elements by differentiatin 9

the expression for M, and fine orbital acceleration n w can be obtnined by twice differentiatin 9 the same

expression for M.
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SAO MEAN ELEMEI_S
i Janua_ - 28 February 1960

Satellite 1959 Alpha 1
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Satellite 1959 Alpha i 1 March - 30 April 1960
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S_tellite 1959 Alpha i 2 May - 29 Ju_ 1960
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Satellite 1959 Alpha i I July - 30 August 1960
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Satellite 1959 Alpha 1 1 September - 31 October 1960
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_telllte 1959 Alpha i 2 November - 30 December 1960
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Satellite 1959 Alpha i i January - 28 February 1961
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Satell_te 1959 _!pha i
2 March . 29 April 1961
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Satellite 1959 Alpha i 1 May - 30 June 1961
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Satellite 1959 Alpha 1 2 July - 31 August 1961
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Satellite 1959 Alpha 1 2 September - 30 October 1961
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Satellite 1959 Alpha 1 1 November - 31 December 1961
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Satellite 1959 Alpha 2

SAO MEA_ Ey_4ENTS

6 April - 3o May 1960
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Satellite 1959 Alpha 2 i June - 31 July 1960
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Satelllte 1959 Alpha 2 2-26 August 1960
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Satellite 1959 Eta

SA0 MEAN ELEMENTS

1 January - 28 February 1960
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Satellite 1959 Eta I March - 30April 1960
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Satellite 1959 Eta 2 May - 29 June 1960
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Satellite 1959 Eta 1 July - 30 August 1960
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Satellite 1959 Eta 1 September - 31 October 1960
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Satel_Ite 1959 Eta 2 November - SO December 1960
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i January - 28 February 1960

Satellite 1959 Eta
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Satellite 1959 Eta 2 March - 29 April 1960
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Satellite 1959 Eta 1 Nay - 30 June 1961
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Satelllte 1959 Eta 2 July - 31 August 1961
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Sate]2.1_e 1959 Eta 2 September - 30 October 1961
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Satellite 1959 Eta
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I November - 31 December 1961
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Satellite 1960 lota 2

SA0 MEAN ELEMENTS

14 March - 29 April 1961
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Satellite 1960 Iota 2 i _y - 30 June 1961
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Satellite 1960 Iota 2 2 July - 31 August 1961

A

-32-



Satellite 1960 Iota 2 2 Segtember - 30 October 1961
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i November - 31 December 1961
Satellite 1960 Iota 2
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SAO HEAN _S

18 February - 30 March i_I

Satellite I_! Delta 1

_ 000000000000000000000

OJ

=

-35-



Satellite 1961 Delta 1 i April - 3.1 May 1961
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@ June - 30 July 1961
Satellite 1961 Delta 1
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Satellite 1961 Delta i i August - 30 September 1961
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Satellite 1961 Delta i 2 October - 29 November 1961
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Satellite i96i Delta i 1-31 December 1961
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This series of Special Reports was instituted under the

supervision of Dr. F. L. Whipple, Director of the Astrophysical

Observatory of the Smlthsonlan Institution, shortly after the

launching of the first artificial earth satellite on October _,

1957. Contributions come from the Staff of the Observatory.

First issued to ensure the immediate dissemination of data for

satellite tracking, the Reports have continued to provide a

rapid distribution of catalogues of satellite observatlons,

orbital information, and preliminary results of data analyses

prior to formal publication in the appropriate Journals.

Edited and produced under the supervision ofMr. E. N. Hayes,

the Reports are indexed by the Science and Technology Division of

the Library of Congress, and are regularly distributed to all

institutions participating in the U. S. space research program

and to individual scientists who request them from the

Administrative Officer, Technical Information, Smithsonlan

Astrophysical Observatory, Cambridge 38, _ssachusetts.
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